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Objectives: to investigate the relationship between intima–media thickness in the common carotid artery, plaque
morphology in the carotid bifurcation and symptoms of cerebral embolism.
Design: prospective study of consecutive patients referred for carotid duplex examination.
Methods: One hundred and eighty-eight patients were classified by one of two neurologists into four categories
(symptomatic, asymptomatic, undefined, uncertain). Carotid atherosclerosis was measured by means of high-resolution
ultrasound technique. Carotid plaques were classified based on visual evaluation of plaque echogenicity.
Results: intima–media thickness (IMT) was correlated to presence of plaques, age and gender, but not to symptoms
referable to the carotid circulation. Carotid plaques were more common in symptomatic than in asymptomatic vessels
(p<0.05). There was no difference in plaque occurrence between the ipsi- and contralateral sides in the symptomatic
patients, neither in frequency of echolucent plaques between the sides or between symptomatic and asymptomatic patients.
Echogenic plaques were more common and generally smaller than echolucent plaques.
Conclusions: IMT correlates with presence of plaques, but not with symptoms from the territory supplied by the carotid
artery. Echolucent plaques in the carotid bifurcation are not more frequently symptomatic than echogenic plaques are, in
patients with low-to-moderate degree of carotid stenosis.
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Introduction for cerebral or retinal embolisation.5–7 It is still unclear
whether this is also true for echolucent plaques without
Increased thickness of the inner layer of the arterial stenosis or in cases of low/moderate degrees of carotid
stenosis. We have recently shown a significant re-wall (intima–media) constitutes an early sign of athero-
sclerosis. Intima–media thickness (IMT) in the carotid lationship between IMT in the common carotid artery
and the presence of atherosclerotic plaques in thearteries can be measured by non-invasive high-res-
olution ultrasound, and increased wall thickness has carotid bifurcation.8 The present study further evalu-
ates the relationship between IMT/plaque mor-been used as a marker of general atherosclerosis. An
increased IMT, measured in the distal common carotid phology and symptoms from the territory supplied
by the carotid artery in a consecutive series of patientsartery (CCA), has been shown to be an independent
predictor of future cardiac and cerebral ischaemic referred for carotid duplex examination.
events.1,2
It is well known that the degree of stenosis is of
importance3,4 regarding carotid stenosis and its re- Material and Methods
lationship to cerebral symptoms (transient ischaemic
attacks/stroke). Several investigations have also in- All patients referred for carotid duplex scanning to
dicated that plaque morphology is important and that the Vascular Laboratory at the Department of Clinical
the appearance of echolucent plaques (evaluated by Physiology at Stockholm So¨der Hospital during a 2-
ultrasound B-mode imaging) imply an increased risk month period (n=192) were entered in a prospective
study of carotid vessel-wall disease approved by the
local ethic committee. Patients seen after carotid en-
* Please address all correspondence to: S. Rosfors, Department of darterectomy (n=4) were excluded. The remainingClinical Physiology, Stockholm So¨der Hospital, S-118 83 Stockholm,
Sweden. 188 patients were classified by one of two neurologists
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according to presence or absence of symptoms from
the territory supplied by the carotid artery. The patients
were divided into four categories:
1. Symptomatic, n=81. Seventy-two patients had ipsi-
lateral hemispheric symptoms, eight had ipsilateral
amaurosis fugax and one patient had both ipsi-
lateral hemispheric symptoms and ipsilateral
amaurosis fugax.
2. Asymptomatic, n=69. Fifty patients were referred
for evaluation of different “cerebral symptoms”
from territories not supplied by the carotid artery
(e.g. vertigo, unspecific visual disorders, transient
periods of absence, headache) with or without a
carotid bruit, 17 patients were referred for evalu- Fig. 1. Ultrasonographic image of measurement of intima–media
thickness in the distal portion of the common carotid artery.ation of a carotid bruit without any other symptoms,
and two patients were referred prior to cardiac
surgery. of vessel walls and blood-flow velocities in all seg-
3. Undefined, n=17. Symptomatic patients, but with ments. A blood-flow velocity above 1.2 m/s (or an
symptoms from territories that partly might be occlusion with no flow) was used to define a stenosis
supplied by the carotid artery. These patients could with >50% lumen diameter reduction.9,10
then not reliably be classified as symptomatic or The stenoses were graded as low (<1.2 m/s), mod-
asymptomatic regarding the carotid circulation and erate (1.2–3.5 m/s) and severe (>3.5 m/s) based on
they were consequently not used for any further measurements of maximal blood-flow velocity. A mod-
analyses. One patient with bilateral symptoms was erate stenosis corresponds approximately with a dia-
also referred to this group. meter reduction of 50–75% and a severe stenosis with
4. Uncertain, n=21. These patients were not seen by a diameter reduction of 76–99%.9,11 An occlusion (100%
a neurologist and the patients’ chart could not stenosis) was diagnosed when there was no flow
provide enough information to make a certain clas- within the lumen of a visualised internal carotid artery
sification. and a low diastolic flow (close to zero) in the CCA.
At the end of the examination IMT was measuredGroups 1 and 2 were further analysed regarding
on both sides. The subject’s head was tilted in orderpresence of plaques and IMT. We also searched for risk
to achieve a horizontal access to the common carotidfactors for cerebrovascular disease (i.e. hypertension,
artery just proximal to the bulb. The 7-MHz probeischaemic heart disease, diabetes mellitus, peripheral
was used together with the resolution box function ofartery disease or blood lipid disorder) in the patients’
the system and settings were made to get an optimalrecords and in other examinations including ECG and
picture of carotid walls. Magnified pictures wereechocardiography. The latter was performed in 48 of
frozen incident with the R-wave on the elec-81 (59%) of the symptomatic patients and in 31 of 69
trocardiogram. Only the far walls of the artery were(45%) of the asymptomatic patients (NS). Sixty-seven
used for calculation. The IMT was defined as the(83%) of the symptomatic patients and 29 (42%) of the
distance between the leading edge of the luminal echoasymptomatic patients were primarily referred from
to the leading edge of the media/adventitia echo.12a neurologist (p<0.001). The remaining patients were
IMT was measured over 1-cm length just proximal toclassified on the basis of data from the patients’ re-
the bulb. This was accomplished by using a callipercords.
and the trace function of the ultrasound system and
calculation of the mean IMT over this length (Fig. 1).
We never included plaques in the measurements (see
definition below). IMT measurements are presented
for each side separately or as IMTmean (=right+left/Duplex ultrasonography
2). At our laboratory, the coefficient of variation for
intra- and interoperator variability for repeated ex-Colour-duplex ultrasound scanning was performed
using 5- or 7-MHz linear-array transducers (Acuson aminations and measurements of IMT with this tech-
nique is 4.6% and 7.7%, respectively.13128XP, Mountain View, CA, U.S.A.). The carotid ar-
teries were scanned and tape recordings were made A plaque was defined as >1 mm in diameter (=
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Table 1. Characteristics of symptomatic (n=81) and asymptomaticprotrusion into the vessel lumen) and >100% increase
patients (n=69).compared with the thickness of adjacent wall seg-
Symptomatic Asymptomatic p valuements,14 with a localisation to the carotid bifurcation
or the proximal part of the internal carotid artery.
Age, mean (range) 66 (37–85) 68 (37–88) 0.22Classification of ultrasound plaque appearance was Males/females 41/40 33/36 0.86
Patients with risk factors 48 (59%) 35 (51%) 0.38performed independently from the videotape during
Patients with plaques 53 (65%) 39 (57%) 0.34a time-period of 2 weeks after inclusion of the last
(any side)patient by one single operator blinded to all other Patients with stenoses* 19 (23%) 18 (26%) 0.80
(any side)data. We used the most common classification system,
IMTmean, mm (s.d.) 0.83 (0.20) 0.88 (0.25) 0.25with five categories:5–7
p value from unpaired two-sided t-test or Chi-square analysis.
(1) uniformly echolucent; IMTmean= intima–media thickness of the right+left common carotid
artery/2.(2) dominantly echolucent with echolucent areas
* Stenoses with more than 50% lumen diameter reduction.greater than 50%;
(3) dominantly echogenic with echogenic areas greater
Table 2. Characteristics of symptomatic patients (n=81).than 50%;
(4) uniformly echogenic and Symptomatic Contralateral p value
side side(5) unclassified due to heavy calcification and acoustic
shadowing. Right/left side 41/40 40/41 1.0
Presence of plaque 49 38 0.12
Echolucent/echogenic 14/31 11/24 0.83Evaluation of intraoperator variability for plaque
plaquecharacterisation into five groups demonstrated a
Presence of stenosis* 11 8 0.62
weighted k value of 0.75. For types 1–2 vs. types 3–4 IMT, mm (s.d.) 0.86 (0.27) 0.81 (0.18) 0.25
the k value was 0.80.8
p value from paired two-sided t-test or Chi-square analysis. IMT=
intima–media thickness of the common carotid artery.
* Stenoses with more than 50% lumen diameter reduction.
Table 3. Comparison of carotid plaque morphology in 69 asympto-
matic and 81 symptomatic patients.
Statistical methods
Plaque Asymptomatic Symptomatic patients Total
type patientsData are presented as mean and one standard de- (138 vessels) Symptomatic Contralateral
viation (s.d.). Paired or unpaired, two-sided Student’s vessels vessels
t-tests were used for comparison of IMT measures.
1 9 6 6 21The Chi-square test with Yates’ correction was used 2 15 8 5 28
for comparison of proportions. Multiple regression 3 19 14 7 40
4 14 17 17 48analyses were used to characterise relationships be-
5 5 4 3 12tween variables. Statistical significance was inferred
Total 62 49 38 149at p<0.05.
Plaque types: 1=uniformly echolucent; 2=dominantly echolucent
with echolucent areas greater than 50%; 3=dominantly echogenic
with echogenic areas greater than 50%; 4=uniformly echogenic; 5=
unclassified due to heavy calcification and acoustic shadowing.
(Table 1). In the symptomatic group of patients, weResults
could not demonstrate any difference in plaque oc-
currence, presence of stenosis or the relative frequencyThe symptomatic and asymptomatic groups totalled
150 patients. Risk factors for cerebrovascular disease of echolucent plaques between ipsi- and contralateral
sides. IMT did not differ between the sides and neitherwere found in 55% of these patients. Sixty-one per
cent had a plaque in at least one of the carotid bi- (right or left) were more often symptomatic (Table 2).
A more detailed description of plaque morphologyfurcations and a >50% carotid stenosis was found in
25% of the patients. The two groups were comparable and its distribution in symptomatic and asymptomatic
patients is shown in Table 3. In the 150 patients plaquesregarding age, gender, presence of risk factors and
presence of plaques/stenoses in any of the carotid were seen in 149 of 300 carotid bifurcations. Sixty per
cent (49/81) of the symptomatic vessels, 47% (38/81)bifurcations. IMTmean was also equal in the two groups
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Table 4. Comparison of carotid plaque morphology in asympto-
matic and symptomatic patients with >50% carotid stenoses.
Plaque Asymptomatic Symptomatic patients Total
type patients
Symptomatic Contralateral
vessels vessels
1 5 2 1 8
2 9 2 2 13
3 4 2 1 7
4 1 2 2 5
5 3 3 2 8
Total 22 11 8 41
0
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40
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28
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10
14
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27
4
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10
4
For plaque types, see Table 3.
Fig. 2. Relative frequency of stenoses caused by echolucent (types
1–2) and echogenic plaques (types 3–4) in the symptomatic and the
asymptomatic patient group. The number of plaques are given
within the bars, unfilled areas represent plaques causing >50%
stenosis and shaded areas represent plaques causing <50% stenosis.
(F) >50% stenosis; (C) <50% stenosis.
of contralateral vessels and 45% (62/138) of asympto-
matic vessels contained plaques. The difference con-
cerning plaque occurrence between symptomatic and
asymptomatic vessels was statistically significant
(p<0.05). Echogenic plaques (types 3–4) were generally
more common than echolucent plaques (types 1–2) (88
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vs. 49, p<0.001). In symptomatic vessels, as well as in
contralateral vessels, 31% (14/45 and 11/35) of the Fig. 3. The distribution of echolucent (types 1–2) and echogenic
plaques (types 3–4) in relation to the degree of stenosis in symp-plaques were echolucent. In the asymptomatic group
tomatic and asymptomatic patients. Moderate stenosis corresponds42% (24/57) of the plaques were echolucent (p=0.35 to approximately 50–75% diameter reduction and severe stenosis to
compared with symptomatic vessels). >75%. Occl=occlusion. (F) Echolucent; (E) echogenic.
A >50% stenosis was found in 14% (11/81) of the
symptomatic vessels (10%, 8/81 on contralateral side) found in symptomatic vessels (type-5 plaques) and
and in 16% (22/138) of the carotid bifurcations in the one type-5 plaque in a contralateral asymptomatic
asymptomatic group. A stenosis was present in 43% vessel. The distribution of echolucent and echogenic
(21/49) of the echolucent plaques and in 14% (12/ plaques in relation to the degree of stenosis is shown
88) of the echogenic plaques (p<0.001). The relative graphically in Figure 3.
frequency of stenoses >50% caused by echolucent and In a multiple regression model with IMTmean as
echogenic plaques, respectively, is shown for both the dependent factor (r=0.63, p<0.001), there was a sig-
symptomatic and the asymptomatic patient group in nificant relation with age (p<0.001), gender (p<0.001)
Figure 2. No significant difference regarding the rel- and presence of plaque (p<0.001), but not with symp-
ative frequency of echolucent/echogenic plaques be- toms. There was no relationship between IMT and
tween the groups was seen when the comparison was plaque echogenicity. IMT on the symptomatic side was
restricted to only those 41 vessels with plaques causing 0.94 (0.31) mm in symptomatic patients with plaques,
a >50% stenosis (Table 4). compared with 0.99 (0.31) mm in asymptomatic
Most of the 41 stenoses were of moderate degree, patients with plaques (NS).
only eight of the plaques caused a severe degree of
stenosis (flow velocity >3.5 m/s). Four of these eight
were found in asymptomatic patients with echolucent
plaques (2 type-1 and 2 type-2), three were found in Discussion
symptomatic vessels (2 type-1 and 1 type-3) and one
in a contralateral asymptomatic vessel with a type-1 We could not demonstrate any clear relationship be-
tween visual evaluation of plaque echolucency andplaque. Five of the 149 plaques caused a total occlusion
of the internal carotid artery. Two of these were found symptoms from the territory supplied by the carotid
artery, although we found echogenic plaques to bein asymptomatic patients (1 type-2, 1 type-3), two were
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more common and generally smaller than echolucent increasing shear stresses on the arterial wall. This
factor can be evaluated by modern ultrasonographicplaques. Our results regarding plaque morphology fit
well with those presented by Holdsworth et al.15 They technique. Plaque echolucency is another factor that
can be of importance; as stated above its relationshippresented a large series of consecutive patients, with
the main finding that carotid plaque morphology and to symptomatic disease is so far documented only in
connection with severe degree of carotid stenosis.degree of internal carotid stenosis are interrelated and,
thus, mutually dependent factors. As the degree of Digital image processing with standardisation of the
ultrasonic grey-scale image might increase the use-stenosis increases, the plaque becomes more echo-
lucent. Ultrasonographically echolucent areas are fulness of plaque morphology analyses.19,20 Plaque tex-
ture is an additional factor that is possibly of crucialknown to contain lipids and/or haemorrhage.16 In
the context of increased plaque size and increased importance. Ultrasonic evaluation of plaque texture is
difficult and needs to be studied further using theecholucent areas, intraplaque haemorrhage might be
a factor of importance. However, in the present study most recent technology. Furthermore, we suggest that
analyses of biochemical markers of haemostasis andno effort was made to further characterise the echo-
lucent areas. inflammation can contribute to the understanding of
the process starting the thromboembolic mechanism.Our results regarding cerebrovascular symptoms
and the appearance of echolucent plaques contrast Despite these sophisticated measures, one must realise
that symptoms from the territory supplied by thewith some earlier reports. This is most probably due
to the fact that we did not select patients with high- carotid artery do not exclusively emanate from pro-
cesses in the carotid bifurcation. Some symptomaticgrade carotid stenoses. It appears from the literature
that echolucent plaques causing severe degree of sten- cases with low-to-moderate degree of stenosis might
have a source of embolism in the heart or embolisationoses are unstable and symptomatic.6,17,18 Earlier studies
dealing with this topic have included symptomatic from a complicated plaque in the aortic arch, or the
symptoms could alternatively originate from small-patients scheduled for carotid endarterectomy and
groups of asymptomatic patients, in all cases with vessel occlusions due to lipohyalinosis of endarteries
in the brain.high-grade stenoses.17,18 In one earlier study, patients
selected for endarterectomy were compared with In summary, we found no relationship between
plaque echogenicity and symptoms from the territoryasymptomatic patients without specifying the degree
of stenosis.7 It is possible that the asymptomatic supplied by the carotid artery in our prospective series
of patients, including mostly plaques causing low orplaques were smaller and thus more echogenic. Cave
et al.5 showed results indicating that plaque ech- moderate degrees of stenoses. The most striking find-
ing was the association between plaque size and plaqueolucency is associated with patient symptoms. Never-
theless, it is important to consider that they had more echolucency. IMT in the common carotid artery was
correlated to presence of plaques, age and gender, butstenoses in the symptomatic than in the asymptomatic
group. not to cerebral symptoms from the territory supplied
The thickness of the intima–media complex in the by the carotid artery.
common carotid artery and its relationship to symp-
tomatic cerebrovascular disease has not previously
been described. In an earlier report we showed that
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